
oT3brB HA ABTOPE@EPAT AUCCEPTAUT,TI4
flepnarrono it Vllaru EsreHresHrr

<Ssorlouu, crpyKTypsl, ceoftctna alrop$nrrx ctrJraBoB u arraopQuo-HaHoKprrcraJrJrr.rqecKr.rx
KoM[o3I'ITHbIx Marepl{ilnoB npl{ BHeIITHLIX sogAeftcreuqx), [peAcraueuuofi Ha cor4cKaHue yueHoft

CTETICHH

AoKTopa Su:uno -lrareMarr4r{ecK}rx HayK no cn erlkr irJrbHocrr.r
1.3.8 - $u:rExa KoHAeHcr.rpoBaHHoro cocrosHr.r.f,

B sstueuruux peaJll4flx ua6lrcAaercs croftxas reHAeHrlr.r.f, )KecrKo pernaMeHTLrpoBagHbrx
3anpocoB K ypoBHIo ceoficrs $yHxuraorra-rrbHbrx r.r KoHcrpyKUr4oHHbrx Marepr.ranoB. Belyrc,
HHTeHcITBHbIe HccneAoBaHl4fl no BolpocaM ynyqueHus sa6opa cnoficrB, a raKxe flonyqeHuro
TIpI4HIII'I[uanbHo HoBbIx rlt6pugultx Marepl4il,'IoB, [pLIBJIeKa, BbrcoKosssexrznubre rexHoJrorprr4
cI'IHTe3a u I'IHHoBaIIHOHHbIX o6pa6orox. B panaxax 3Toro, [peAcraBJreHHiur ArdcceprarlgoHHrur
pa6ota llepltrxonoirvI.E. BecbMa aKTyaJrbHa, T.K. nocBrr.rleHa r43yqeHuro B3ar{MocBf,3ra
crpyKrypHo-@asonsx rpeBpauleHui.r, u csoitcrB B auopSusx crJraBax (AC) npu eo:Aeficrsupr
BHeIxHI'Ix $arcropon v pa:pa6o'rxe nplrHrIHrroB co3raHHfl arr,rop$uo-HaHoKpracranrgtrecKux
KoMrro3r.rron (AHK) c yH Lr KarrbH brM coqeraH ueNr csofi crg.

Haao orMerr.rrb, qro AC o6raAarcr psAor,r npeuMyrqecrB upu cpaBHeHHH c
KpI'ICTUUIJIHT{eCKI,IMI{ aHaJIOraMr.r: noBbrrrreHHoe yAenbHoe conporl4BneHl{e, SHCOXIIft ypoBeHb
MaIHI'ITOMflTKHX XapaKTepI,IcrLIK, BrreqarJlgloruas rBepAocrb, [porrHocrb, xopoua, croftxocru x
Koppo3HI{' Bnaro4apr sToMy AC samlpr AocrofiHoe npr.rMeHr.rre B paAr4o3Jrexrpouuofi TexHr.rKe H
upu6opocrpoeHuu. Pacuupeuue cneKTpa vtx [pr4MeHeHr,r, cBs3aHo c Bo3MoxHocrbro
KoHrponupyeMoro rlepexoAa v3 auopSuoro n auopSHo-KpucraJrJrr{qecKoe, Mr4Kpo- u
HaHOKpIICTaJIJII'IqeCKO9 COCTOqHI4.f, IIOCJTe pa3nr.rrrHoro poAa sosAeficrsuft Lnfl IIoJIyqeHr4fl
rpe6yeutx $u:nvecxux csoft crn.

B pa6ore coPIcKareJIeM 6rtrrz noryqeHbr 4 runa AHK: 1) B npoqecce qacruqHofi
Kpl{crilnnr3aulaLr AC npu orxure; 2) tpu Bapuaquqx [pocrpaHcrBeHHo-pacupe,uelenHbrx 3oH
no3epHoro nos4efictnu, no rloBepxHocrll I4 rro cer{eHr4ro JreHT AC, a raKxe noA6opoM rrapaMerpoB
Y@ la:epuoro o6lyveuux; 3) nyrelr "[aKerHoro" qepeAosauus cloen avopQurx neHT pa3Hbrx no
cocraBy u csoficrnal.r, u Hx rrocJreAyroruero KpyqeHr,rq tro.{ Bbrcoxr.rM AaBneHuevr (KB!); 4)
r{acrHrrHo auopQu:rapy, Kpl4cranruqecKr4e HaHorraMuHaru Cu-Nb npu KB[, crfopnaraponurrura
rrpeABapr{TeJrbHo aKKyMynupyrouefi npoxarxofr .

MeroAantu MexaHl,IqecKI4x ucnurauzfi, MarHr4ToMerpur,r, gneKTpoxI,IMuI{ [poBeAeHa
KOMIJIeKCHEUI OIIeHKa XapaKTepa BJrVtfHVtfl. Ier{Horo oTxlrra, Jra3epHoro o6ly.renux r,r KBr{ na
MexaHI'IqecKI'Ie csoftctea (nlactra.ruocru, tn€pAocru, Tperqr{HocrofiKocrr, ynpyrufi MoAyJrb),
MarHlITHbIe csoficrsa (xoopuurr.rBHylo cvtily, HaMarHr.rqeHHocrb HacbrrrleHga), conpou,rBJreHlre K
Koppo3I4I{ v oco6essoctll AeSopMauI,Iu, pe}pyrxeHr.rs AC u KoMno3r,rroB. flpoaeAeHo
corocraBJleurae rpaHc$oprraaqufi crpyKrypbl c oTKJII{KoM csoftcrn uccneAoBaHHbrx AC rz AHK upu
AaHHbIx sogreftcrsugx. BsusreHst oIITI,IMaJrbHbre pexlrMbr o6pa6otox, [pr{BoAf,r.rlfie K
Hal'{nyquleMy cor{eraHlllo crpyroypHbrx cocrosuufi u Susuno-uexaHuqecKr,rx cBoficrn,
fionyqeHHbrx KoMlo3trTHbrx MaTepr{aJroB.

B 4uccepraqnu llepusrosofi I4.E. noryueHbr opr4rr,rHirJrbHbre pe3ynbrarbr. I4s Hux xoqercf,
BbIAEJII{Tb:

VcraHos,reHbl uIaBHbIe flpllql4Hrr eSQexroB ynpoqHeHr.rfl KoMrro3r4ToB, [onyqeHHbrx [plr
orxl{re AC, npu o6terrauofi nontl KplIcralrJroB < 0.5: a) pa:Hr,rqa MexAy MoAynflMr4 ynpyrocrr,r
arraopSuofi I{ HaHoKpI{criIJIJIHr{ecKofi Sa:; 6) nsanrr,roaeftcreue rroJroc cABr.rra c HaHoKpgcraJrrraMr.r,
BblAenrlolquMvtcfl n arraop$uofi Marplrqe. flpegloNeua xlaccusuraqa.x aKToB AaHHoro
ssapll\aoAeficrBl'L e AHK Ha ocHoBaH:zu a*aJru3a crpyKTypHlrx llSM-aso6paxeuufi: nomouleHr.re,
oru6auve, [epBr4rrHiLs LI BTOpLrrrHZUr aKKoMOAArryfls flepepe3aHr{e, TopMoxeHI,Ie.

Bnepnue o6HapyNeu nlacru$uqupyrorqraft aQ$exr (nospacrauue napaMerpa
Tpeul'IHocroftxocrn) s o6racru reMlleparyp repexoAa n arraopSuo-HaHoKpr,tcrirJrr,rqecKoe



cocrorHlre AJu AC Ha ocHoBe xeJre3a r4 Ko6irnbra. flpelnoNeH MexaHI{3M TopMoxeHlr.f, TpeuI,IH B

oKpecrHocrl4 HaHorracruq, o6oraulennofi aroMaML{ MeraJIJIoI,IAoB.

O6napyNeHbr xapaKTepHbre Br4Aou3MeHeHr.r, KaprlIH LIx 4e$oprvraqul4 I..I pa3pyrxeHu, rpu
flepexoAe ras anaop@Horo B Kpr.rcrannuqecKoe cocrorHr{e. Ha ocHosaHr{r{ cocraBJreHHoro c yv€rour
cooTBeTcrB).Iorq[x TeMrrepaTypHbrx r,rHTepBanoB ((aTJraca)) 3oH JroKaJrbHoro HarpyxeHlrfl
(ua-uu.rne / orcyrcrnue tronoc cABI{ra, Tperqr.rH, r.rx B3ar,rMHoe pacnonoxeHne) npu pai}Hbrx

Harpy3Kax Bo3MoxHo 4arr upu6nuxreuuyro 3Kc[pecc-orleHry crpyxrypHoro cocrorH]Ifl ctIJIaBoB.

lnr rpyuurr AC pearu3oBaH AByxoranHuft ueroAu.recrufi [oAXoA r rasepuofi o6pa6orre
no [pr,rHur{[y (qrrcJreHHoe MoAenHpoBaHr.re [nfl olpeAeneHr{fl flapaMerpoB Jra3epHoro

sogAeficrsu, --+ orrbrrHarr pea,rrr.r3aur4r o6ryueuux tro paccqr.rraHHbrM napaMerpaM).
Irlcnomsosauue pac.rernsrx reMfleparypHbrx uoirefi [pra na3epHoM HarpeBe no3BoJrrer
rrporHo3r.rpoBarb MexaHr.rqecxue csoftsrBa, crpyKTypHbre H3MeHeHLIs s AC B 3aBIaclIMocrLI or I4x

reulo$uauqecKlrx csoficre r.r 3Heprerut{ecKr.rx xapaKTepl,rcrux na3epnofi ycranonxu.
Bueperre MeroAaMH rI3M BbrcoKoro pa3perxeHrq u PCA B KoMno3ure Ha ocHoBe

HaHoJraMr{Halos Cu-Nb nocle 3Har{r4TerbHbrx crereuefi ge$opMaIIrII4 npu KBI (N: 4) BrIepBbIe

o6napyNeno o6pasoeasze o6racrefi c arr,rop$Hofi crpyKrypofi, uenocpeAcrBeHuo cBfl3aHHblx c

ueNQa:urruu rpaHrduaMn. YcraHoBJreHo rpexparHoe yBenl{qeHue uurpotnepAocrl,I
HaHoKoMrro3r4roB CuAllb B npoqecce KBA.

Bnepnue lnq AHK, o6pa:onaHHoro I43 AC Fes:.gNizo.sBzo.z u CozszFe:s.qCrrsaSio3Bn.z, c

noMorrlblo B3ar,rMoAononHf,Iorqux cTpyKTypHbrx MeToAoB ycTaHoBJreHbr rpr{ cra"4.klr SBoJIIouuu ero
crpyKTypHo-Sa:onoro cocrotrHr.rs. Ha 1 craAr{H clJraBbr, Ae(bopMl,Ipylorcfl AocrarorrHo He3aBLIcLIMo

Apyr or Apyra, o6ecne.rusarr Jrr.rrub MexaHrlqecKoe oocqerreHlre" coceAHl4x clo€n. Ha 2 c;raluu
peanr.r3yercx ueN$asuoe B3ar.rMoAeficrsue B ToHKr.rx [prrrpaHr4qsrrx o6racrf,x c o6pasonanueu
6oplrgHux Sa:, xoropoe orBercrBeHHo :a eSSexr HeaAAHTLrBuoro (cuueprlafiHoro) yrtporrHeHl,Ifl.

Ha6nroaaerc.fl qacrrrr{Hoe Br.rxpeBoe nepeMeurr,rBaHr,re, $paruenrsr croucrofi crpyKTypbl sce eu€
coxpaHrrorcs. Ha 3 qa1nu nepeHocr,rMbre Br,rxpeBble [oroKLI BelrlecrBa Koarynupylor BnJIorb Ao
rroJrHoro rrepeMerrruBarvrfl, u o6pa-:oaauur HoBoro ru6pu4uoro roMoreHHoro
MHOTOKOMIIOHEHTHOTO CNJIABA.

Axryzursuocrr asr6panHofi TeMarr,rKH, sucoKrafi HayuHsIfi ypoBeHb IIpoBeAeHHbIx

uccle,qoeanzfi, HoBrr3Ha 14 anpo6aqua pe3ynbraroB He BbI3bIBaer cot'rseuuft. Bce gro

rroArBepx.qeHo usorolernefi no4gepNxofi rpaHraMrr co cropoHbl Poccuficxoro $ou4a
$yHaaueururJrbHbrx lrccJreAoBauuit u Pocczficroro HayrrHoro Qonaa c noJIHbIM BbIIoJIHeHI{eM

TEMATI{I{ECKHX INAHOB B PAMKAX OTqETOB NO NPOEKTAM COI'ICKATCJUI.

OcuoeHue pe3yJrbrarbr pa6orrr B [oJrHoM o6reue ocBerrleHbl n ny6nuxaqurx col{cKareJl -
5 rraouorpaSuxx u 46 crarssx xypHanoB r43 nepetrHr perleH3r{pyeMbrx uzaanuit, peKoMeHAoBaHHbIx

BAK npu Muno6pnayxu Poccnvt, Ltrrr BxoA.flrrtux B MexAyHapoAHbIe peQeparunsrte 6asu AaHHbx
H cr,rcreM ur4rr,rpoBaHras WoS u Scopus.

Hay.rHrre rroJroxeHur t4 cSopuyrupoBaHHbre BbrBoAbr AocraroqHo o6ocnosaHrt vt

3Kcnepr4MeHTaJrbHo [poBepeHbr. .{ocronepHocrb pe3yJlbraroB AI{ccepraIIHI{ noAKpenJIeHa

6olrurtlna MaccuBoM gKclepLIMeHTarIbHbIx AaHHbIx, HcnoJIb3oBaH14eM rullpoKoro cneKTpa

HccneAoBarenbcxoro o6opyAonauux vt [porpaMMHoro o6ecneueunx, rry6oruu aHaJII,I3oM

pe3ynbraroB B noJrHoM coorBercrBr4u c coBpeMeHHbIMI4 KoHue[uI{rMLI $nrurcu
KOHAeHCT4pOBaHHOTO COCTO'HU' LI MaTepl{anoBeAeH I.Ifl

B Ka.recrne gaueqasufi cneAyer orMeruTb, tITo

1) ocHoBHbre BbrBoAbr no pa6ore, npr.rBeAeHHbre B KoHue antopeSepara, MoxHo 6nuo 6u LI3JIoxI{Tb B

6oree rparxofi I,I raxoHl4tluofi $oprr,re.
2) n arropeQepare orcyrcrByer o6rsureuue rpur{I4H uHrepecHoro ,BJIeHLIfl - QopuupoBaHlle nuxpefi

rrprr cMetuuBa:anyt croee ur arraopSHbrx crrJraBoB B xoAe MerallJlacrIaqecxofi 4e(poprrraqul,I B KaMepe

Epn4Nueua.
CAelansue 3aMerraHlrq He yManqror coBoKynHocru Aocrol,rHcrn pa6omr cor{crareJlfl.
Ha ocuoBaHr.ru Bcero Bbrrrrer{3JroxeHHoro Mory yrBepxAarb, qro paccMarpLIBaeMaJI

Aracceprarlr.rfl flepurronoft I4,E, <3sonroquf, crpyKrypbl, csoficrsa auop(fuux crJIaBoB u



aMopoHo-HaHOKpr4CTaJrJrr4qecKr,rx KoMno3HTHbIX MaTepI'IaJIOB npll BHeIIIHI4X BO3AeftCTBI',IflX)

f,BJrsercs 3aBepureHHofi Hay.rHo-KBaJrr{0uKarlr4oHHoft pa6otofi, e xoropoft pelxeHa BaxHarI Hayquafl

npo6neua Ha 6age cucreMHoro uccreAoBaul,Ic B3aLIMocBr3LI (crpyKTypa-cnoftcma) AJIfl

arrropSurrx r,r HaHoKpr{crarrr,rqecKr.rx cIIJIaBoB npl{ Aeilctnuu BIIeIxHux tpartopon (Aasreuufi,

4eSopr'raUuft, o6nyreHulr, TeM[eparyp r.r t.A.) paspa6oraubl HayqHo-TexHoJIorHqecKI,Ie ocHoBbI

noryrerm auopQno-naHoKpr.rcranJrr.rqecKl{x KoMIIo3I4THbIx MarepI{aJIoB c ynyqueHHruuu ilusuro-
MexaHurrecxr,rMlr xaparTepr,IcrlrKaMl4. Pa6ora IIoJIHocrbIo orBer{aer tpe6onauuxtr't BAK PO,

npeAbflBn.f,eMbrM K AoKTopcKr.rM AtrccepraUr.IrM I,I coorBercrByer KpLITepI{flM ru 9'14 floloxeuus o

npr4cyxAeHuu yueuslx crerreHefi (IIocraHoBJIeHI{e flpanurelrcrsa P(D Ne 842 or .24 ceutr6pa

2013 r.), a ee aBrop, llepuarosa I,Iura EsreHresHa, Aoctoftua rpl4cyxAenus eit yuEnofi crerleHl4

AoKTopa Qnsuxo-rraareMarr.rqecKlrx HayK rro cleuuanbHocrll 1.3.8 - Srasura KoHAeHcI'IpoBaHHoro
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